We analyze the evolving price fluctuations by using ultrametric distance of minimally spanning financial tree of stocks traded in Jakarta Stock Exchange 2000-2004. Ultrametricity is derived from transformation of correlation coefficients into the distances among stocks. Our analysis evaluates the performance of ups and downs of stock prices and discovers the evolution towards the financial and economic stabilization in Indonesia. This is partly recognized by mapping the hierarchical trees upon the realization of liquid and illiquid stocks. We remind that the methodology is useful in two terms: the evaluation of spectral market movements and intuitively understanding for portfolio management purposes.
Introduction
It is always interesting to see many objects correlated in networks -in a space where we have the ability to visualize the whole by terms of each.
Obviously, the visualization can give us a new perspective on the system as presented by the idea of ultrametric space in which our objects laid upon.
Directly or indirectly motivated by the spin glass theory -discovering the ultrametric distances among configurations of states exhibited by statistical cluster analysis [10] -there have been some previous works on wide range of fields analyzing in the similar way, e.g.: the hierarchical taxonomy of set of stocks [9] that can intuitively help the portfolio management [13] , network exhibited by several Gross National Product time correlations [11] , the taxonomy of political parties in multiparty system [14] , biology inspired innovation theory [5] .
Some analyses of the ultrametric space in financial data (e.g.: some stocks in DJIA) have given extraction of interesting information regarding the clustering among same business sectors of traded stocks indicating that most of the same sectors depicts similar fluctuations over time [9] . However, further comprehensive analysis showed that the exhibited tree of financial data does not contain merely standard economic factors, but also psychological factor of investors [12] . Apparently, this does not at all reduce the advantage of the methodology to build investment portfolio, moreover it gives us an objective relations among traded stocks comprised not merely by intuitive business sectors but any information implicitly present in time series data of each stock.
The paper presented here is intended to show another information gathered when the methodology is implemented to see some Indonesian stocks traded in Jakarta Stock Exchange (JSX) over the time period of 2000 to 2004.
The research on comparing any hierarchical trees evolving over each trading years is specifically introduced to develop understanding about the the fluctuations of stock prices over particular periods in JSX. It is clear that this can give useful input for investment society trying to build portfolio or even for the bourse company to have feedback about the spectrum of traded stocks as evaluation about the market.
First of first, the paper presents several notions related to ultrametricity and hierarchical clustering tree of traded stocks that is followed by some implementations to empirical data. In advance, we elaborate a discussion about how we use the results to have a look into the liquidity signatures among stocks. There is an expectation that this can improve broad uses of the methodology in further financial analysis and practical usage in our endeavor to reveal some levels of complexity in financial market [3] .
The Ultrametricity in Financial Analysis
The concept of ultrametricity is rooted in physics as described in [8] . In accordance with the analytical steps derived in [13] , we can see how financial analysis adopt the ideas of ultrametric space as described in this section.
If we denote the price of stock i as p i (t, δt), then the logarithmic return can be written,
and the correlation coefficients can be calculated as
with values of the coefficient indicating correlations as
Furthermore, in terms of geometric representation, we can normalize the return r i (t, st) =
that gives us the correlation coefficient of
In advance, we combine the N records of normalized price return into
with N = T δt + 1, and t k = t − kδt
Here, we can write the correlation coefficient as
Eventually, we can write the Phytagorean equation in order to have the distance between stock i and j
Since we have the unit length as seen in equation (8), − → r i 2 = c ii = 1, then
From eq.(10), we can directly have the distance between two stocks from their correlation coefficient in the euclidean space. In this euclidean space, it has three properties, i.e.:
The first property in eq. (11) shows that if we have two stocks completely correlated (c ij = 1), they are not separated in any distance (d ij = 0), and vice versa. Furthermore, the second property shows that stock i correlated to j in the same value as stock j correlated to the i -implying that the distance between two stocks is the same as from each any of the two stocks (c ij = c ji
. The third one is well known as triangular inequality relies on the Phytagorean equation of (9).
By having the euclidean space of the stock prices, we are moving to extract the ultrametric space from it. An ultrametric space is the space where all distances within is ultrametric. The ultrametric distance is understood as distance with the first and second properties described in eq. (11) and the third one replaced by stronger inequality of
From the eq.(10) we have n objects linked together by n − 1 edges based on their correlation coefficients. Thus, there are some ultrametric spaces can be taken from it. But from all of those, we have a simple subdominant ultrametric space defined as the one with minimally spanning tree. Here, the minimum spanning tree is a tree with the smallest sum of all of distances.
A simple way to have the locally minimum spanning tree is by applying the Kruskal's Algorithm [6] . The Kruskal's algorithm is simply described by the following algorithm: The second moment known as variance correlation coefficient is calculated
the skewness as
and the kurtosis
Similarly, we do the investigation with the distances among stocks. The distance matrix is also in the form of M × M matrix and we can calculate the four moments of distance in the similar way. The distribution of the correlation coefficients and distances over (monthly) time window and the moments of distribution are showed in figure 1 and figure 2 respectively. correlation coefficient get smaller. As described in [12] , the large value of the mean correlation coefficient is related to the occurance of large crashes. By comparing it to our findings, we can simply understood the declining of the mean correlation coefficient as the economic recovery after the monetary crisis several years before the period of our data. Interestingly, as time grows in our time period, this fact is also showed by the higher moments of distribution.
Here, we recognize (again) the high correlation among moments of correlation coefficients and distances among stocks traded in Indonesia.
We move now to the analysis of the ultrametricity space of stocks. We do the previously elaborated Kruskal's algorithm to the distance matrix in order to have the simple locally minimum spanning tree of the stocks. In advance, figure 4 shows the ultrametric distances among the stocks.
Obviously, the pattern we can see in this single linkage hierarchical tree is the closely connection between two or more stocks based upon respective 
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Discussions: On Liquid and Illiquid Stocks
As it has been uttered previously, the reference stocks of overall fluctuations are seemingly popular stocks. Furthermore, as popularity of a stock is often correlated to its market capitalization or roughly liquidity, the dominant stocks for each period are mostly the most liquid ones. To investigate this liquidity signature, we draw the minimal spanning tree by coloring the vertices based on their market capitalization ( figure 5 ). From the figure, it is obvious that in all of the year segments, the most liquid stocks are laid in the center of the drawings and become the reference of many other stocks that are relatively more illiquid.
The hierarchical tree seems to present the similar properties ( figure 6 ).
In the figure, thirty of the most liquid stocks play highly correlated fluctuations throughout the years. In fact, when the stock market is evolving from monetary crisis to the more stable economic system (showed by the smaller mean correlation function in section 2), the robust pattern in Indonesia stock market data is the signature of liquid stocks in the hierarchical tree.
This fact becomes interesting when we relate it to the fact of investor's be- mostly referred to the fluctuations of the most liquid stocks. This is also discovered in our analysis on the statistical aspects of Indonesian stock market [15] . Most investors are very sensitive to fundamental rumors and market rush frequently occurs. Referring to this fact, it is not an exaggeration if we concur that the investor's decisions on illiquid stocks are highly correlated to the way the most liquid stocks fluctuate. This means that the fluctuations of most illiquid stocks will very much depends upon the more liquid ones.
The market behaves like this can simply stated to be organized by the herding behavior among investors [4] -but this effect is stronger since investors are not only herd by the fundamental rumors but also highly related to the fluctuations of the liquid stocks. Referring to [7] we can see it as an emergent factor in inefficient market.
Furthermore, by investigating the total length of MST yielded on many time windows in our data periods (figure 7), it is clear that the total distances This fact explains the dwindling dominance of several stocks in first years of our minimally spanning financial trees while at the same time, the total subdominant ultrametric lengths are higher over time. We can say that the more stable economic system in Indonesia has brought together positive impact on the evolution of overall stock prices fluctuations.
Concluding Remarks
The ultrametricity in locally minimal spanning tree that is constructed based Eventually, we can conclude the paper by recognizing a powerful methodology to -at least -reduce the complexity of the stock market that is realized to have so many levels of complexity since long time ago. The methodology has two sides of analytical knife: of the advantage on evaluating the overall market and in the other hand an intuitive tool to build portfolio based on relations among stocks.
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